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Abstr a ct
lnterfe ro酢 a mfro m apair ofco mple xSA R im age s e n able 8tO m e a Su re wi ththe a ccu ra cy of畠eVe ral
n ete rinelev atio n and8 e V eralce nti皿 ete rinB u r血=edi革pla ce m ent. It8 m e a sur e m e nt pre cisio nis a ctuany
r edu ced by 白o m e e rr orfactors. On e ofthe m o st 血 po rta nt err o rfacto rsi8 the atm o sphericpropagatl OnPath
delay effe ct. Be c a1椅 e thez･eiB ala rgete mporal and spatialv ariation ofw ater v aporin w etr egio nlikeJapa n,
a nd becau seitsinflue n ceiB n otn egligiblefo rI NS A Rm e as u r e m ent.
Ol∬ 丘nal objectiv eisto q.
u a ntitativ ely ev alu ate the atm ospheric delay euect(espe ci al ly w et delayby
w 由 er v apo r)in cluded in inte rfer ogr am of J E R S･ 1 repeat pa s sB A R data (L band). In atm o spheric
infor zn atio nfo rits evalu ation
,
itis moste艮cient to tlS e W ater V apo rinfo r m ation databa s ebeing provi d.edby
G PS n etw o rksyste m OfJapa nGe ogr aphical Su rv eyln stitute(G SI). GPS e mploy8 Sa m emicr o w a v eL-ba nd
a BB A Rdata, a nd GSI d aily pr ovide sG PSw ate r v apo rinfo r matio n. The refor e w ehav e sta rted the gro1皿d
ba s ed obse rv atio n a s aprelim inary study Sin ceJ un e199 7 inIm pe nln 8 ula whe rei8 O n e Of the m o st active
te cto nic丘eld･ T hn3 Obs e rv ationha sbe e ndon ebyllBing w ater vapo r r adio meter(W V R)at G P SStatio n ofGSI
o nB A Rpa ssdate . The a cquisitio ndata w a s anly2 C丘 to co mpa r ethe w et delay of GPS a nd WVR, a ndto
v eri&the u s e血1Ile S白 OfGPSforthe qu a ntitativ e evalu atio nofatm o革pheric effe ct.
T hese obse rv a{tion re 昌ult9 indic ate that the w et delay of GPS c o rre sponds w ellwi th W W delay
(c orr elatio n co e伍cie nti$ 0.996, r m 8delayi8 abo ut 1.8c 皿), and that G P S databa seis v ery us eful in the
qu a n也tativ e■e valu atio n of atm osphe ric delay effe ct. m e diffe re n c e of w et delay betw e en st m m e r a nd
a utu m n ob昌e rV ation u 血 gGPSbec o m e 畠 V eryla rge(m or etha n20 cn ), and m o re ove rits spatial distributio n
r ev e als ala rge v a riatio n･ Tbis 畠ugge BtS that aloc alv a riatio n inw ate rv apor co nte nt o洗enbringthe s ev ere
heighta nd8t Uface山野1ace m ente rro rforIN SA Rm e a su re m e nt
1
.
Intd llCtion
lnterfer o m etricSA ROlereafterINSA R), which is do n eby pha seinte rfer e n c e o n apair ofcom ple xSA R
im age s,i8 a ne飽 ctive te clmiqu eto .n e a s ur ethe ele v ation a ndS u rfa c edispla c e m e ntin thebro ad a re a. Its
m ea 白u r e 皿 e ntpredBio n w皿 be redu cedby 8 0 m e e rro rfa ctors Ca 118ed o nthe platfor m, e a rth su rfa ceta rget,
a nd its propagatio npath betw ee nbothpoint8, h the ca s e ofrepe atpa ss sateniteI N S A R,fo r e x a mple, those
hcto rs a re a s cribed to t nce rtaintie s ofo rbitalinLor n ation 811 Ch a s aba 8 elln edistanc e,lo w signalto miBe
ratio ofr ada r signal, cha nge ofS u rfa cec o nditio n s(v egetatio n a nd s oilm oist､打 e Cha nge etc.)d Ting re c u rre nt
period ofg atel五te, te mpo rala nd革patialv ariation ofw et atm o spheric stru ctw e, a nd v ario u s e rr Or Sthrough
im age a nd plla Bedata pro ce s血 g･ Amo ng the se e rrorfacto rsw e w oul dliketo especialb e mpha si2Cthe effect
ofmic ro wave rada rpha sedelayby w ater vapo r ofatm o spher e･ Be ca u se w ate r v apo r variabihtyi8POPularin
w et regio n a 8Japa n, a ndits delay co71trihltion for pha seinte rfer e n cei8 to olarge to be neghgible(e.冒. ,
Fujiw ar a,19 97)･ Furthe m or ebe c au s eiti包 V erydifrlCdt to Sepa r atethe pha8edelayby atm o spheric eqect
血o m other phas e Chan ge･ itis e xpe cted to qu antitativ ely ev alu ate the atm o spheric eue ct u si ngboth n e w
m ethodolog ya ndte 血 qu e.
Rec e ntly ithasbe e n r ec ogni2X)a that the w ate r v aporinfom atio n databa s e m ade fro m GPS data
e 玉Plained m u ch w et atm o spheric c onditio ninlo caland m e s o s cale(GP S/ M E TJAP A N, 1 99 7). T her efore
u se ofG PSha 白be e ntriedto qu a ntitativ ely evalu aもe the atm ospheric delay effe ct which in皿uenc edtoI N SAR
m e a s u r e m e nt･ In order to e xtr a ct a nd qu a ntitatlV占1y e valu ate the atm o spheric delay effect to INS A R
m e aB ur e m e nt
･
itis m ost effective and efEicie nt to positively utnlZethe wetdelay data indu ced fro mGPS
SIN E X data of Japa n Ge ogr aphical Su z･vey In stitute (GSI). The se w ater vapo rinfo m atio n are da止y
provided a s a ze nith w etdelay which indi cate s r esiduals &o minitialv alu eofc o - ction par a m et r at the
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s叫da rd atm o spheric m odel･ We u 8 ethi8 GSI tropo8Pheredata, a nd 皿 ak
e quantitativ ely cle ar the
relation shipbetw e e nGP Sa ndIN S A R delay for atm ospheric co rr ection o nSA Rinterfer ogra 皿･
2. Me a st m m e ntezT Orby atm o革phericdelay eqect
sA RSign al c auses the atm ospheric pha s edelay thro ugh micro w ave r ada rpropagation pa ss. Total
atm o sphe ric delay △Ⅹ c o n si ts ofhydr o Btaticdelay(A-x)a.,bydry atm o spher e a-1d w etdel-ay(△x)w etby w ate r
vapora sfollo w s:
△Ⅹ = (△ x)a,, ＋(△x)w et (1)
T hes edelay te r m sdepe nd on atm o sphe ric pre ss u r e, t mperatu re, a nd w ater v aporpr es8t Fe O nthe
propagatio npath･ Ifthe 8e m ete O rOlo由calpara m ete r8ha v ethe regularity wi threspect tohcigh七色
･o m the se a
lev el
,
totalzen1th delay △ Ⅹ wi11 be e a sily ap pro xim atedbygrou nd obser vatio n valu e(Sa a 8ta m Oin e n,197 2;
Zebker,1997).
△Ⅹ = (2.2 7 × 10
'3-1.11× 10‾5co 8^ )Ps＋ 2.27 7× lola[o.o5＋ 1255/Ts]E色 (2)
wher eA , P8, T8, a ndE8 Sho wlatitude, atm o spheric pre ss u r e, t mper attu e, a nd w ater vaporpr e 細 u r e at the
obs e rv ation point. First ter m of(2)in dic ategthehydro staticdelayby dry atm o sphere . Al tho ughthe value
itself be co m esve ryla樗e(m o rethan 2 m),iti8 n Otalw ays n ece ss aryto con Bidertheinflu e n ce s 0fatm ospheric
effect. Bec aus ethe differen c e ofhydro8tatic delay betw e e ntw oBARin age畠 is not 8 0la rge in 8Patial
distri butio n. Ev en if ther e w e re Be V e ral hPa cha nge ofatm ospheric pre ssIN e, hydr ostatic delay will beles s
tha n2 c m(about2m m delayfor lh Pa cha nge). Mo stim porta nteffecti8 the w ate r v apo rdelayd朗 Cri bed a s
Se co ndte r n of(2). Wetdelay valu eit8 elfis n ot白0large(sev eral10 czn). but te mpor ala nd spatialv ariatio n
be co m e s c o mplic ated. The BAR m e a s u 柁 m e nt er r o rby w e七 delay str ongly depe nds y) nthe differe n ceof
8patial distrb11tio n ofpha s edelay.
For w etdelay ofthe 尽AR data, m e a s u r e m e nt e rr oris repre 8 e rlted a8fono w s:
erro r a nd o disthe 畠u rfa cediBPla c e 皿 e nt･e rrO rtow ardslo ok dire ctio n,
cr
乙
= 2△ Ⅹ[p sin 6 / Bco 8(8 - α)co 島n] = 2△ Ⅹ psin e/Bpc o8乃
crd
= 2 △Ⅹ/co B7
If げ 乙 is the elevation
(3)
(4)
wller eP isthe dist an cebetw e en s atenite a ndsu rfa c etarget(tal1ed sla血 ra nge), 0 is thelo oka ngle, 77 is
the incident a ngle, B is the o rbital sepa ratlO nlen gth(c alled ba selin edista n c e), Bp is the pe rpendicula r
cJ3 mpO n e ntOfba s eh edista n c e, a nd α i与 the angle betw e e nba8 elln e and ho riz ontalline･
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Fig.2 D isplace m e nte rro rby w etdelay effect
Al払oⅦgh w etdelay ins u rfa cedispla ce m e nt a nalysis n e arly bec o m esto the m e a s w e n e nt rr or(cos8
m e an sthe pr ojectio n to B A R lo ok direction),.
the ele vation e rr or S e v e rely depe nd畠 O n ba selin e cha nge ,
In 白ertingty picalJE RS･ 1/S A Rpa r a m et r(p ≡ 709km , 0 = 35deg, Tl =39deg)into (3) and(4),■the e rr or
e stim atio nfo r w etdelay m aybeillu str ated.in Fig.1 a nd2. Fig.1 indlCate Sthatheighte rr oris repre senteda8
a fun ctio n of ba s elin edist an c e, a nd that 8 m ane rdista n c eProdu ce slarge r err o. La rge Bp, ho w e v e r, r educes
the c EPabnity ofinte rfe re n cein te r m s 0fdegr adatio n of cohe re n cebetw ee nboth im ages. Optim u m
co mbin atio n of BAR im age sfor height m e a su re mnt wiln otbe alw aysdeter mined by onlybas elln edlSta n ce
,
butthe atn o 8phe ric c onditio n s m llStbe co n sid.er ed atthe s a m etin e. On the c ontra ry, pha sedelay ofSurface
di甲1a c e m e ntju 8t dire cdy r ev eal8 the m e asu re m e nt err or. T he atm ospheric effe ctiB V ery 皿 e a ningfu1for
e xtr a cting s e v e ral cm orde r change 日uCh a白 a C OS eis mic fault displa ce m e nt ofinte r m ediate Shock ora
S ympto m atic c ru stal defor n atio nju stbefor e ala rge Shock. Ho w ev e rthe s e m e a su r e m e nt e rr o rs m ay h ve
m 弧im u n v alu e whe n‾ze ni thw etdelayis equiv ale nt to えc o B T)/4× rl (n is a nintege r) be ca u s eOfphase
periodicibT.
The pha sedelay or m e a s u r e m ent e rro rby w etdelay gen e r ally n e a n sthe re sult ofo nly o n eim age(on e
daydata)･ Asr epe atpa s 8 S atelliteI NSA Rn e eds apair ofim ages(tw oday
'
8data), w e c an repla c ethe phase
delay ofo n eim age tO the differ enc e ofpha sedelay fortw o im ages. An im portant pr oblem is the local
dla ra Cteristic白 Of pha s edelaydjHer e n c ebetw e e nbothdays. ItiB re m arkable that the a cc ur acyi8 n ot
appa r ently redu c ed ifthereis n odiffer e n ce ofw etdelayin 8Patial distnbu tio n,
3. u se Of G P Sn etw o rk data ofGSI
In the qu an也ativ e ev alu aLtlOn Ofatm ospheric delay effe ct toINSA Rm ea s u r em ent,itis m ost efFective
and. efBcie nt to llS e W et delay data of GPS n etw o rk databa seprovided by Japa n Geographical St m ey
ln stitllte (G SI). Tile W ate r Vapo rinfor m ation by G SI in dic ate s re sidu als 血o m inltialv alu e which i8 a
co rr ection pa r a meter for deter min atio n of GPS statio n c o ord inate s at the standa rd atm o spheric m odel
(atm o spheric■preBSu re :101 3hPa, te mper att m :la℃, r elativ eh umidity: 50 %o nthe gr o und). T herefore w et
dehydata ofGSIi8 n otequalto a ctu alw etdelay co nte nt･ Iti畠 n e C e8白arytObe r ecalculated I)ythe虫)llo wing
c orr e ction.
△ Ⅹw = △ Ⅹ -△Ⅹd十 △Ⅹt (5)
wher e△Ⅹw r epr e8e nt8the a ctualw etdelay at G PS
8tatio n･ △Ⅹ, △Ⅹd, and △Ⅹt Sho w the totaldelay
by St anda rd atn o8Pheric m odel( 島ee (2)), the
hydr ostatic delay ba sed olla Ct11al atm o 8Pheric
pr e 8t m , and the w etdelayprovi ded by GSI. △ Ⅹd
n eeds the 訂Ot md bas ed atm o sphe ric pr e88 u re
ob8erVatio n valu e at位PSStatio n.
4. WVRobJ3eZ V atio n actBA Rdata a cqqjB辻io ntim e
T h18 Pr eli min ary experim e nt is de v oted to
ide nti&the u sefuln es s ofGPSdata pr ovided byGSI
forthe qu a ntitative e valu ation ofatm o spheric effect
to IN SAR m e a s u re m e nt, We c o mpa reGPS data
with othe r indepe nde nt obse rvatio n valu e. Fig. 3
ilu str ate sthe loc atio n m ap of位PSn etw orkstatio n
in Ⅰ2:u di白trict･ Tw o w ater v apo r radio m ete rB
(W Ⅵ苛 h& v ebeen Set attw oG P SStatio n s(AM A GI
a nd O HH IT O)in IztlPeninsula whereis o n e of the
m ost a ctiv etecto血cfLeld. Atm o spheric pre ssu reis
m e a s u r edat a n ei ther statio n.
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Fig.3 Lo c atlO n m ap Of G P Sn etw ork (by
G SI)in IZ Upe nin sula . WV R obser vatio n wa s
pe rfor m ed at AM A GI and O HIII TO.
Pare nthe s e s sho w station height(m).
Table.1 Date s a ndc o nditio ns ofdata a cqllisitio n
Date Weathe r G PS data W VRdire ctio n Pr es Bu regallge JE RS･1/SAR
ByGSI loc atio n path･ r o w
Ju n.2 7 丘n e n ot, pr ovid.ed ze nith A MAGI D64一之42
J un .28 rain n otpr ovi ded zenith A M A GI D6 5-24 2
Åug.10 clo udy/rain Pr ovided ze nith A M AGI D 64･24 2
Åug.ll rain/do udy I)rOvided 宜e niih A M A GI D6 5-24 2
Sep.2 3 rain provided c a n c e血 d c a n celld D 64･242
Sep .24 rain/且n e Provided 8 Ca n n ed _ OH ⅡIT O D6 5･242
No v. 6 clo udy provi ded s ca n n ed O H EITO D64- 242
No v. 7 clo udy瓜Ile T)r O Vlded 8 Ca n n ed O E HITO D 65, 242
`
s c a n n ed” m e a n sthat m ha v e se v e ral dir ectio ndataby s c 孤1工1ingto w a rds e a St･ W e St.
Ea ch elev a七ion angleis2 5, 3 0, 3 5, 4 0, 5 0, 60, 7 5, 9 0deg(ze nith).
0払erobs e rv atio n s u ch a ste mpe rature, hu mi dibT, a nd brightn e sste mper atu r e Ofthe r malinfra redto w a rds
z enith a re c o mple m e nted at both statio n s. Table,1 sho w sthe obs e rv atio n re 8ult8 a nd c o nditio n s at the
pre se nt. The se r adio m eters ( WVR-11 00 by Radio m etric s Co rp.) obtain do w n w a rd radiatio n in tw o
frequ en cyb ands of23.8 a nd 31,4 GHz . T he w et delay by W V R △w iB Calculatedby the fo no wingline a r
retrie valequ atio nu sing a n optic al th icknesBin e ach 丘･equ e n cy.
△ w = co ＋ cl = 2 3B ＋ c2 て 31.4 (6)
where c.
- c2 ar e Calibration valu e 白 Whichindic ate 0.077, 1 39.6 91, ･81.466. :ii8 repre s e nteda 白fono w 畠:
てi
= 1n [Crm i - Tb)/ Crbi-Tt)] (7)
whe rei sho w Bfrequ e n cy ba nd, T皿 1 iB 27 9,06a nd 277.73 in e a ch freqtl e n Cy a S an av erage atm O SPherlC
r adiation te mpe r atⅦ ･e (E). Tc Bho w B 0-ユte r Spa cebla ck body te mpe ratur e(2.7 3 K), and T bi i8 the
obse rv atio nal brightn e8 SI.e mPe r at1 ∬e atGP Spoin t.
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Fig.4 Te mporalc on parison ofc or re cted GPSdata a nd W VR obser v ation data .(a)
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data sho w sW V R, a nd s olid lin esllO W 8GPSatevery thre ehours.
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Fig.4-Bho w B the co mpa ris o n betw e en G PS
cor re cted by(5)a ndWV Rw etdehy atAMA GIa nd
O‡IEITOin tim e s erie s. Exa 皿Ple 8de m o n str ates
the ty pic al B u m m e r(Aug.ll) and 己ut- 1n(Sep･2 4)
data whi血 have alarge differ en ce of w ate rvapo r
co71tent. Both days are SA Rdata a cquisitio ndate･
solid heindic ate sthe c or re ctd GP S delay a ndPlot
data doe sV V R delay. 苫a ch 丘gu r e re v eals a good
co rre spo nde n cein spite of the indepe nde nt
ob8e r Va[tion v alu e. Ne xt w e r epre s e nted the
c o mpariso n of G PS and WV Rw etdelay a cquired at
10:30(S A Rpa 白stin e)a nd 13:30ofAug･1 0
- N ov･7
(e x ceptsep.2 3)at e ach statio n(Fig15)･ The result8
Show ed c orelatio n co efBcie nt 0.996 a nd m sdelay
e rro r about 1.8c m. This CO 皿pariso nim phe sthe
c apability of e mploym ent ofGPS data to ev alu ate
SA Rpha 島edelay, a ndthe efBcien cy to pro ce s s alot
ofGPSstationdata o n wide ar e a.
5. Apphc atio ntoBAR d血
Wetdelay co re cted by(5)is a 白patiala v erage
valu e within a volu m e abo v ethe GPS station . Tb
ap ply this G PS delay to J E R S-1/SA R data, the
diuer ent 血 a cteristic9 0fdelay effTe ctbetw ee nS A R
and GP Sha v etobe m adede a r a s sho w nbyT able.2.
It is v e ry im porta nt to ide n蛾 the diffe re n c e of
pmpagatio npath dehy dir ectio n, data a cq1血itio n
tin e and dat,a spatialdistribution.
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Fig.5 Wet delay co mpa red betw e e nG P Sa nd.
W V Rat 10:30(S A Rpa s stl m e) and 1 3: 0,
Pre cipiねble w ate r v aporiB abo ut afa ctor of0.15
ofw etdelay.
Table.2 Diffe re n ce 良 Of delay effectbetw een SA RandGPS
Differe n土T)Dint S A R dela y G P S delay
Ob8e rV ed P hase change Re由dualofa c o rr ectio nte r m
1) a ra m eter fo rdete 皿in atio n ofc oo rdin ate s
I)elaydire ction S AR lookdire ctio n
(35degfor J E RS･1)
Ze nith dire ctlO n at G P Ss七atio n
I)ata a cqui8it.io n In 8ta ntane OuS A∇er age v alu efor eve ry3ho1げ S
tim e (白e V e ralse co nd白)
Spatialinfor m atio n De n s e Spa rs e
(datadistributio n) (a r e adata) (DOintdata)
Path Ro u nd･trip･ On e- w ay
Unfo rtu n ately, a s n ogo od inte rfer o酢 a m ha s be en a cc o mplished yet, w e c an n ot pe rfo r m the
qu a ntitativ e e valu atlO n Of SA Rw et delay. T he refo re w etried to e stim ate the m e a su r e m e nt e r orfo r
atm o sphe ric eftTectby uslng GPSw etdelay data on the a ss u mptio nthat w e obtain a u seful interfer ogr a m
Forthe Sake ofits spatiale rr or e stim atio n,1o cal di8tribution ofw etdelayhasbe enillu stratedin Fig.6forlzu
pe ninsula a r e a. The co mbin ed data sho w n inFig.6 is a pair ofAug.l la nd No v.7 w hich a r ethe largest
difFe re n ce ofw etdelay. S m allw etdelay c a nbe s e enin the a re afr o m c entralIzu to n orth-e a stdirectlO n.
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Thelarge st delay v alu e ap pe a rs at NSⅢⅠIZ U, a nd
sm ale st do e 白 a七 A M AGI. ItB delay differe nce is
about. 5.6 c m . A白811皿 1ng that A MAGIis the
co ntrol(z er ole v el)poirlt, the e rr or of NS HIIZ U
relativ elybe c o m e sto 11 6班 in height a nd 141 c m
indl SPlace n c nt for 5 00m ba seline distanc e. In
the ca 白e Ofc o mbin at10 n Of9/24a ndll/7whichi8
the■ 8 m a皿est delay, how e v e r, the m e a s u re m e nt
errorbe co m e 83 5m in height and 4.2cm in
di印1ace m e nt at the 8 a m ePOint. He n cethe
differe n ce of w et delay by te mpo ral a nd. spatlal
va riation of w ater v8[POrhe avi ly depe nds o nthe
ac cu r ac yofIN SAR m e a s u r e m e nt.
6. Con chIJ5io n
We ha v e prellmin ari1y a nalyzed to
qu a ntitativ ely e valu ate the atm ospheric effe ct to
interfer o m etric BA R m e a Bur e 皿e nt using
micr
,
o w a v e r adio m eter obs e rv atio n a nd G PS
n etw o rk databy G SI.
We c o n cludeth oughthe Be an alyses a 8follo w s:
(1)T he obs e rv atio n r esults indic ate that the w et
delay of GPS c o rr e spo nds W ell with m delay
(cor relatio n c o efEicie nti8 0,996, r m sdelayi8 abo ut
1.8c n), andthatG PS databa8ei8 V ery u B efu1inthe
qu a ntitative e valu atio n Ofatm o sphe n cdelayeffect.
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FIE.6 Lec al w et delay (c m)distributio nin
IZU perrLn Sula. UBed data i8 8/l a nd ll/7
pair which ha v ethela rgestdiffe re n c e ofw et
delay.
(2)T he diue re n ce ofw et delaybetw ee n su m m e r a nd a utu m n ob包e rV at10nI)e CO n e S V e ryla ge(m o retha n2 0
cm), a nd m o re o v erit8 Spatialdistril〕ution r eve als alarge v ariatio n. T his Sugge ststhat a lo c alv a riationin
w ate rvapo r co nte ntoftenbring the S ev er eheighta nd displa ce m e nte rr or for･IN SAR m e a sur e m e nt.
(3)Ifw e c oul dobtain the u sefu linterferogra n,itis ve ryimportant to che ckthe relation shipbetw e enS AR
pha sedelay a ndGPSpha sedelay, Fin ally w eha v eto als o conside rthe algorithm how to de v elop the spa rse
GPS data totw odl m e n 8ionaldiBtribution .
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